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(57) ABSTRACT

According to the present invention, a method for manufac-
turing a nonvolatile semiconductor storage device is pro-
vided 1n which an element separating layer and first gate
insulating layer are respectively formed onto a silicon base,
followed by layering and patterning of a first polysilicon
layer. A second gate 1nsulating layer for forming an ONO
structure and a second polysilicon layer are then sequentially
formed and patterned. After formation of a gate oxide layer,
a third polysilicon layer 1s layered and patterned to form a
cgate electrode. The second and first polysilicon layers are
then patterned to respectively form control gate and floating
gate.

13 Claims, 6 Drawing Sheets
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METHOD FOR MANUFACTURING A
NONVOLATILE SEMICONDUCTOR
STORAGE DEVICE

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

The present mvention relates to a method for manufac-
furing a nonvolatile semiconductor storage device. In
particular, the present invention relates to a method for
manufacturing a nonvolatile semiconductor storage device
in which a nonvolatile memory cell transistor possessing a
two-layered gate electrode comprising a floating gate and a
control gate, and a MOS ftransistor for use 1n a peripheral
circuit possessing a single gate electrode are formed on the
same semiconductor base.

2. Background Art

With regard to this type of nonvolatile semiconductor
storage device, wherein a nonvolatile memory cell transistor
possessing a two-layered gate electrode comprising a tloat-
ing gate and a control gate, and a MOS transistor for use 1n
a peripheral circuit possessing a single gate electrode are
formed on the same semiconductor base, a gate msulating
layer of the floating gate capable of tunneling electrons 1is
required. In contrast, the gate msulating layer of the MOS
transistor for use 1n a peripheral circuit 1s a layer wherein the
tunneling of electrons 1s not required. Hence these layers
must be formed via separate processes. In addition, the gate
insulating layer between the floating gate and control gate,
and the gate msulating layer of the MOS transistor for use
in a peripheral circuit each demand different characteristics,
and thus likewise must be formed by means of different
Processes.

A conventional method for manufacturing a nonvolatile
semiconductor storage device will now be explained with
reference to FIG. 5A to FIG. 6F. As shown 1n FIG. 5A, after
selectively forming an element separating oxide layer 2 onto
the surface of a silicon base 1, a first gate insulating layer 3
1s formed 1n the elemental area segmented off by means of
clement separating oxide layer 2. A first polysilicon layer 4
1s then deposited over the entire surface thereon, and pat-
terned such that this first polysilicon layer 1s left covering
only the elemental area of the memory cell array region.
Subsequently, as shown 1n FIG. 5B, after forming a second
cgate 1nsulating layer 8 comprising a multi-layered stack,
which 1s composed of, for example, an ONO structure
comprising a silicon oxide layer (O) §, a silicon nitride layer
(N) 6 and another silicon oxide layer (O) 7, onto the entire
surface of the silicon base 1, etching is selectively performed
to remove the second gate insulating layer 8 from a periph-
eral circuit transistor region, as shown 1 FIG. 5C.

As shown 1n FIG. 6D, a gate oxide layer 10 1s then formed
by a thermal oxidization onto the elemental area of the
peripheral circuit transistor region, which 1s followed by
formation of a second polysilicon layer 17 over the entire
surface of the silicon base 1, as shown in FIG. 6E.
Subsequently, as shown 1n FIG. 6F, second polysilicon layer
17, second gate 1nsulating layer 8 and first polysilicon layer
4 are patterned to respectively form a control gate 14
comprising second polysilicon layer 17 and floating gate 13
comprising first polysilicon layer 4, in the memory cell array
region, as well as a gate electrode 15 comprising second
polysilicon layer 17 1in the peripheral circuit transistor
region.

Afterwards, a source-drain region 1s formed by introduc-
ing 1impurities with the gate electrode and element separating
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oxide layer 2 serving as a mask. Furthermore, although not
shown 1n the figures, an interlayer insulating layer 1s formed,
contact holes are opened, and an Al wiring 1s formed to
complete process for manufacturing a nonvolatile semicon-
ductor storage device.

According to the aforementioned conventional method
for manufacturing a nonvolatile semiconductor storage
device, 1n the state 1n which a second gate insulating layer
comprising an ONO structure 1s formed on top of a first
polysilicon layer forming the floating gate 1 the memory
cell array region, at the time of washing the aforementioned
before performing thermal oxidation for the purpose of
forming a gate oxide layer in the peripheral transistor region,
a major problem arises in that the uppermost silicon oxide
layer of the ONO structure 1n the memory cell array region
undergoes “layer thinning”. As a result, the electrons which

accumulate at the floating gate easily leak through to the
control gate leading to further problems such as degradation
of the data storage properties and reliability.

Consequently, the present invention 1s directed to address
the problems mentioned above, particularly to prevent thin-
ning of the second gate electrode on the floating gate, in
addition to avoiding degradation of the data storage prop-
erties of the nonvolatile semiconductor storage device and
improving reliability thereof.

SUMMARY OF THE INVENTION

Hence, in consideration of the aforementioned , it 1s an
object of the present invention to provide according to a first
aspect of the present invention, a method for manufacturing,
a nonvolatile semiconductor storage device comprising the
steps of:

forming an element separating oxide layer onto a semi-
conductor base for defining a first region for forming a
nonvolatile memory cell and a second region for form-
ing an MOS transistor for use in a peripheral circuat;

forming a first gate insulating layer on said first and
second regions over the surface of said semiconductor
base;

forming a first polysilicon layer over the entire surface of
said semiconductor base, and then patterning said first
polysilicon layer 1n a manner such that said first poly-
silicon layer 1s left covering only said first gate 1nsu-
lating layer of said first region (FIG. 1A);

sequentially forming a second gate insulating layer and a
second polysilicon layer successively over the entire
surface of said first region and said second region (FIG.
1B);

sequentially removing said second polysilicon layer, said
second gate 1nsulating layer and said first gate insulat-
ing layer, respectively, in said second region (FIG. 1C);

forming a third gate oxide layer over a surface of said
semiconductor base corresponding to said second
region by means of thermal oxidation (FIG. 2D);

coating a third polysilicon layer over the entire surface of
said first region and said second region (FIG. 2E), and
patterning said third polysilicon layer to form a gate
clectrode over said second region; and

patterning said second polysilicon layer, said second gate
insulating layer, and said first polysilicon layer to form
a gate electrode 1n said first region wherein a control
gate 1s formed from said second polysilicon layer and
said a floating gate 1s formed from a first polysilicon
layer (FIG. 2F).
In addition, the present invention provides, according to a
second aspect, a method for manufacturing a nonvolatile
semiconductor storage device comprising the steps of:
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forming an element separating oxide layer onto a semi-
conductor base for defining a first region for forming a
nonvolatile memory cell and a second region for form-
ing an MOS ftransistor for use 1 a peripheral circuit;

forming a first gate insulating layer on said first and
second regions over a surface of said semiconductor
base;

forming a first polysilicon layer over the enfire surface of
said semiconductor base, and then patterning said first
polysilicon layer such that said first polysilicon layer 1s
left covering only said first gate insulating layer of said
first region;

sequentially forming a second gate insulating layer and a
second polysilicon layer over the entire surface of said
first region and said second region;

sequentially removing said second polysilicon layer, said
second gate mnsulating layer and said first gate insulat-
ing layer, respectively, 1n said second region;

forming a third gate oxide layer over a surface of said
semiconductor base corresponding to said second
region by means of thermal oxidation;

coating a third polysilicon layer over the entire surface of
said first region and said second region (FIG. 3A), and
patterning said third polysilicon layer such that said
third polysilicon layer remains covering said second

region only (FIG. 3B); and

forming a conducting layer communicating with said
second polysilicon layer and said third polysilicon layer
(FIG. 4C), and patterning said first, second and third
polysilicon layers respectively to from a gate electrode
in said first region, wherein a control gate 1s formed by
said conducting layer and second polysilicon layer in
the first region and a floating gate 1s formed by said first
polysilicon layer in the first region; and a gate electrode
1s formed 1n the second region by said conducting layer
and said third polysilicon layer (FIG. 4D).
Consequently, the present invention solves the problems
of the aforementioned conventional art by means of layering
a second polysilicon layer for forming a control gate 1mme-
diately after forming a second gate insulating layer over a
first polysilicon layer for forming a floating gate, followed
by subsequent removal of the second polysilicon layer in the
peripheral circuit transistor region, and formation of a third
gate msulating layer 1n this aforementioned region.

BRIEF EXPLANAITON OF THE DRAWINGS

FIGS. 1A~1C are cross sectional diagrams showing a part
of a step sequence for explaining a first preferred embodi-
ment of the present mnvention.

FIGS. 2D~2F are cross sectional diagrams showing sub-
sequent steps following those shown in FIGS. 1A~1C for
explaining a first preferred embodiment of the present
invention.

FIGS. 3A~3B are cross sectional diagrams showing a part
of a step sequence for explaining a second preferred embodi-
ment of the present invention.

FIGS. 4C~4D are cross sectional diagrams showing sub-
sequent steps following those shown 1n FIGS. 3A~3B for
explaining a second preferred embodiment of the present
invention.

FIGS. 5A~5C are cross sectional diagrams showing a part
of a step sequence for explaining a conventional example.

FIGS. 6D~6F are cross sectional diagrams showing sub-
sequent steps following those shown in FIGS. 5A~5C for
explaining a conventional example.

5

10

15

20

25

30

35

40

45

50

55

60

65

4

PREFERRED EMBODIMENTS OF THE
INVENTION

In the following, the preferred embodiments of the
present 1mvention will be explained with reference to the
figures.

FIGS. 1A~2F are cross sectional diagrams showing a step
sequence for explaining a first preferred embodiment of the
present invention. As shown 1n FIG. 1A, a surface of silicon
base 1 1s selectively oxidized according to the LOCOS
method and an element separating oxide layer 2 which
defines an elemental area 1s formed. A first gate msulating
layer 3 1s then formed on the surface of the sectioned
clemental area, followed by layering of a first polysilicon
layer 4 for forming a floating gate over the entire surface of
silicon base 1. This first polysilicon layer 4 1s then patterned
such that said first polysilicon layer 1s selectively left
covering only the elemental area of the memory cell array
region.

Subsequently, as shown 1 FIG. 1B, a second gate insu-
lating layer 8 to form an ONO structure, comprising a silicon
oxide layer §, silicon nitride layer 6 and silicon oxide layer
7, 1s formed by CVD followed by formation of a second
polysilicon layer 9 onto the aforementioned second gate
insulating layer 8. Subsequently, as shown in FIG. 1C,
second polysilicon layer 9 1n the peripheral circuit transistor
region and 1n second gate insulating layer 8 are selectively
removed by means of an etching process. A gate oxide layer
10 1s then formed 1n the peripheral circuit transistor region,
and, at the same time, a silicon oxide layer 11 1s formed onto
the second polysilicon layer 9, as shown in FIG. 2D.

Subsequently, as shown 1n FIG. 2E, a third polysilicon
layer 12 for forming a gate electrode of a peripheral circuit
transistor 1s deposited onto the entire surface thereof. This
third polysilicon layer 12 1s then patterned, as shown 1n FIG.
2F, to form a gate electrode 15 comprising the aforemen-
tioned third polysilicon layer 12 in the peripheral circuit
transistor region. At this time, silicon oxide layer 11 serves
as a protective layer for the second polysilicon layer 9.
Second polysilicon layer 9, second gate insulating layer 8
and first polysilicon layer 4 are then patterned to respec-
tively form control gate 14 from second polysilicon layer 9,
and floating gate 13 from first polysilicon layer 4 1n the
memory cell array region.

Using element separating oxide layer 2 and a gate elec-
trode as a mask, impurities are then doped in the surface
region of the elemental area to form a source-drain region,
followed by formation of an interlayer insulating layer and
Al wiring to complete the method for manufacturing a
nonvolatile semiconductor storage device according to the
present preferred embodiment.

FIGS. 3A~4D are cross sectional diagrams showing a step
sequence for explaining a second preferred embodiment of
the present invention. According to this preferred
embodiment, the step sequence of the first preferred embodi-
ment shown 1 FIGS. 1A~2E are performed in the same
manner to attain the structure shown 1n FIG. 2E, which 1s
replicated 1n FIG. 3A. After processed 1nto the state shown
in FIG. 3A, the third polysilicon layer 12 of the memory cell
array region and silicon oxide layer 11 formed on the surface
of second polysilicon layer 9 are subsequently removed by
means of an etching process, as shown 1n FIG. 3B.

A WSi layer 16 1s then deposited over the entire surface,
as shown 1n FIG. 4C, and this WS1 layer 16 along with third
polysilicon layer 12, second polysilicon layer 9, second gate
insulating layer 8 and first polysilicon layer 4 are patterned
to respectively form the following: a gate electrode 15 from
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WSi layer 16 and third polysilicon layer 12 1n the peripheral
circuit transistor region; and a conftrol gate 14 from WSi
layer 16 and second polysilicon layer 9, and floating gate 13
from first polysilicon layer 4 in the memory cell array
region.

Subsequently, using element separating oxide layer 2 and
a gate electrode as a mask, impurities are then doped 1n the
surface region of the elemental area to form a source-drain
region, followed by formation of an interlayer insulating
layer and Al wiring to complete the method for manufac-
turing a nonvolatile semiconductor storage device according
to the present preferred embodiment.

As described 1n the aforementioned, according to the
method for manufacturing a nonvolatile semiconductor stor-
age device of the present invention, a second polysilicon
layer for forming a control gate 1s formed immediately after
forming a second gate 1nsulating layer over a first polysili-
con layer for forming a floating gate, followed by subse-
quent removal of the second polysilicon layer 1n the periph-
eral circuit transistor region and formation of a third gate
insulating layer 1n this aforementioned region. As a result, at
the time of forming the gate oxide layer of the peripheral
circuit transistor, since the memory cell array region 1is
masked by means of the second polysilicon layer, 1t 1s
possible to prevent thinning of the second gate insulating
layer without invading this second gate insulating layer
during the washing step before forming the gate oxide layer
of the peripheral circuit transistor. Consequently, according
to the present invention, it 1s possible to suppress the leakage
of electrons which accumulate at the floating gate to the
control gate, and thereby improve the data storage proper-
fies.

In addition, according to the manufacturing method of the
present 1nvention, the polysilicon layers for respectively
forming the floating gate, control gate and peripheral circuit
transistor gate are each separately layered, which results in
the ability to designate the layer thickness and impurity
concentration within each layer to ideal values.

What 1s claimed 1s:

1. A method for manufacturing a nonvolatile semicon-
ductor storage device comprising the steps of:

forming an element separating oxide layer onto a semi-
conductor base for defining a first region for forming a
nonvolatile memory cell and a second region for form-
ing an MOS transistor for use 1 a peripheral circuait;

forming a first gate insulating layer on said first and
second regions of a surface of said semiconductor base;

forming a first polysilicon layer over the entire surface of
said semiconductor base, and then patterning said {first
polysilicon layer 1n a manner such that said first poly-
silicon layer 1s left covering only said first gate insu-
lating layer of said first region;

sequentially forming a second gate insulating layer having,
three 1nsulating layers and a second polysilicon layer
over the entire surface of said first region and said
second region;

sequentially removing said second polysilicon layer, said
second gate mnsulating layer and said first gate insulat-
ing layer, respectively, 1n said second region;

forming a third gate oxide layer over a surface of said

semiconductor base corresponding to said second
region by means of thermal oxidation;

coating a third polysilicon layer over the entire surface of
said first region and said second region, and patterning
said third polysilicon layer to form a gate electrode
over said second region; and

10

15

20

25

30

35

40

45

50

55

60

65

6

patterning said second polysilicon layer, said second gate
insulating layer, and said first polysilicon layer to form
a gate electrode 1n said first region wherein a control
gate 1s formed by patterning said second polysilicon
layer, said second gate insulating layer and said first
polysilicon layer, and a floating gate 1s formed by
patterning said first polysilicon layer.

2. A method for manufacturing a nonvolatile semicon-

ductor storage device comprising the steps of:

forming an element separating oxide layer onto a semi-
conductor base for defining a first region for forming a
nonvolatile memory cell and a second region for form-
ing an MOS transistor for use in a peripheral circuit;

forming a first gate insulating layer over a surface of said
semiconductor base 1n said first and second regions;

forming a first polysilicon layer over the entire surface of
said semiconductor base, and then patterning said first
polysilicon layer such that said first polysilicon layer 1s
left covering only said first gate insulating layer of said
first region;

sequentially forming a second gate insulating layer having
three 1nsulating layers and a second polysilicon layer
over the enfire surface of said first region and said
second region;

sequentially removing said second polysilicon layer, said
second gate msulating layer and said first gate 1nsulat-
ing layer, respectively, 1n said second region;

forming a third gate oxide layer over a surface of said
semiconductor base corresponding to said second
region by means of thermal oxidation;

coating a third polysilicon layer over the entire surface of
said first region and said second region, and patterning,
said third polysilicon layer such that said third poly-
silicon layer remains covering said second region only;
and

forming a conducting layer communicating with said
second polysilicon layer and said third polysilicon
layer, and patterning said first, second and third poly-
silicon layers respectively to from a gate electrode 1n
said first region,
wherein a control gate 1s formed by said conducting layer
and second polysilicon layer and a floating gate 1s formed by
said first polysilicon layer and a gate electrode 1s formed 1n
said second region comprising said conducting layer and
said third polysilicon layer.

3. A method for manufacturing a nonvolatile semicon-
ductor storage device according to claim 2, wherein said
conducting layer comprises a silicide of a high melting point
metal.

4. A method for manufacturing a nonvolatile semicon-
ductor storage device according to claim 3, wheremn said
silicide of a high melting point metal 1s tungsten silicide
(WSi).

5. A method for manufacturing a nonvolatile semicon-
ductor storage device according to claim 1, wherein the three
insulating layers of said second gate insulating layer are a
silicon oxide layer, silicon nitride layer and a silicon oxide
layer.

6. A method for manufacturing a nonvolatile semicon-
ductor storage device according to claim 2, wherein the three
insulating layers of said second gate msulating layer are a
silicon oxide layer, silicon nitride layer and a silicon oxide
layer.

7. A method for manufacturing a nonvolatile semicon-
ductor storage device according to claim 1, wherein said
second polysilicon layer, said second gate insulating layer
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and said first polysilicon layer are served for forming a
control gate and said first polysilicon layer 1s served for
forming the floating gate, so that the control gate and the
floating gate can be formed after depositing these layers by
means of patterning processes.

8. A method for manufacturing a nonvolatile semicon-
ductor storage device according to claim 2, wherein the
second polysilicon layer and the conductive layer 1s served
as the control gate, and the first polysilicon layer 1s served
as the floating gate, so that the control gate and the floating
cgate 1s formed by means of patterning processes alter
depositing these layers.

9. A method of manufacturing a nonvolatile semiconduc-
tor devices according to claim 1, wherein said third gate
oxide layer 1s formed by thermal oxidization of the second
region of the semiconductor base.

10. A method for manufacturing a nonvolatile semicon-
ductor storage device comprising the steps of:

selectively oxidizing a surface of a silicon base according,
to the LOCOS method so as to form an element
separating oxide layer which defines an elemental area
and an peripheral circuit transistor region;

forming a first gate 1nsulating layer on the surface of the
clemental area;

depositing a first polysilicon layer for forming a floating,
gate over the entire surface of the silicon base;

then patterning the first polysilicon layer such that the first
polysilicon layer 1s selectively left covering only the
elemental area;

then forming a second gate insulating layer having an
ONO structure consisting of a first silicon oxide layer,
a silicon nitride layer and a second silicon oxide layer

by CVD method;

forming a second polysilicon layer onto the second gate
insulating layer;
selectively removing the second polysilicon layer 1in the

peripheral circuit transistor region and the second gate
insulating layer by means of an etching process;

forming a gate oxide layer 1n the peripheral circuit tran-
sistor region and forming a silicon oxide layer onto the
second polysilicon layer;

depositing a third polysilicon layer onto the entire surface
so as to form a gate electrode of a peripheral circuit
transistor;

patterning the third polysilicon layer so as to form a gate

clectrode comprising the third polysilicon layer 1n the
peripheral circuit transistor region while using the

silicon oxide layer as a protective layer for the second
polysilicon layer; and

patterning the second polysilicon layer, the second gate
insulating layer, and {first polysilicon layer, so as to
respectively form a control gate from the second poly-
silicon layer, and a floating gate from the first polysili-
con layer 1n the elemental area.

11. A method according to claim 10, further comprising

the steps of:
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doping 1impurities 1n the surface region of the elemental
area to form a source-drain region using the element
separating oxide layer and the gate electrode as a mask;

forming an interlayer msulating layer and Al wiring to
obtain a nonvolatile semiconductor storage device.
12. A method for manufacturing a nonvolatile semicon-
ductor storage device comprising the steps of:

selectively oxidizing a surface of silicon base according to
the LOCOS method so as to form an element separating
oxide layer which defines an elemental area and an
peripheral circuit transistor region;

forming a first gate insulating layer on the surface of the
clemental area;

layering of a first polysilicon layer for forming a floating
gate over the entire surface of the silicon base;

then patterning the first polysilicon layer such that the first
polysilicon layer 1s selectively left covering only the
elemental area;

then forming a second gate insulating layer having an
ONO structure consisting of a first silicon oxide layer,

a silicon nitride layer and a second silicon oxide layer
by CVD method;

forming a second polysilicon layer onto the second gate
insulating layer;

selectively removing the second polysilicon layer in the
peripheral circuit transistor region and the second gate
insulating layer by means of an etching process;

forming a gate oxide layer 1n the peripheral circuit tran-
sistor region and forming a silicon oxide layer onto the
second polysilicon layer;

depositing a third polysilicon layer onto the entire surface
so as to form a gate electrode of a peripheral circuit
transistor;

removing the third polysilicon layer of the memory cell
array region and the silicon oxide layer formed on the
surface of the second polysilicon layer by means of an
etching process;

depositing a WS1 layer over the entire surface; and

patterning the WSi1 layer along with the third polysilicon
layer, the second polysilicon layer, the second gate
insulating layer and the first polysilicon layer, so as to
respectively form a gate electrode from the WS1 layer
and the third polysilicon layer 1n the peripheral circuit
transistor region; a control gate from the WSi1 layer and
the second polysilicon layer; and a floating gate from
the first polysilicon layer in the memory cell array
region.
13. A method according to claim 12, further comprising
the steps of:

doping 1impurities 1n the surface region of the elemental
area to form a source-drain region using the element
separating oxide layer and the gate electrode as a mask;
and

forming an interlayer msulating layer and Al wiring to
obtain a nonvolatile semiconductor storage device.
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